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Description 

FIELD OF THE INVENTION 

s [0001] An improved process for the continuous production of polyester at atmospheric pressure is disclosed. 

[0002] Polyester production from terephthalic acid (TPA) or its esters, such as dimethyl terephthalate (DMT), and 
glycols is known. This has been accomplished by stage-wise melt polymerization of the dihydroxy ester of the bif unc- 
tional carboxylic acid, or low molecular weight oligomers thereof, under successively higher vacuum conditions. In 
order for the polymerization to continue to the degree heeded for most commercial applications, the condensation by- 
10 products, especially ethylene glycol, must be removed from the reaction system at vacuums as high as 1-3mm Hg. 
Such processes require costly high vacuum equipment, multistage steam jets to create the vacuum, and Ng purged 
seals and flanges to minimize leakage of air into the system. Condensate from the steam jets and organic by-products 
from the system end up as a waste water stream that requires treatment and contributes to volatile organic emissions 
to the air. The present invention provides a less costly polymerization process that can be carried out at atmospheric 

15 pressure and in a closed loop configuration that eliminates volatile organic emissions and the waste water discharge. 
[0003] U.S. 2,973,341 (Hippe) discloses a continuous process for the production of polyester condensate and an 
improved continuous process for making polyethylene terephthalate from dimethyl terephthalate and ethylene glycol. 
The process employs liquid dimethyl terephthalate and mixes with it ethylene glycol, in an excess molar ratio of 1 .5: 
1 , to form a liquid reaction mixture in a first stage below the transesterification temperature and then carrying the liquid 

20 reaction mixture through three separate temperature controlled stages. Transesterification occurs in the second stage 
at a temperature of not more than 1 97°C; vaporous reaction products are removed in the third stage at 1 97°C to 230°C 
by passing an inert gas through the liquid reaction mixture; polycondensation occurs in the fourth stage at 23QPC to 
270°C for a period of time sufficient to produce a filament forming polyethylene terephthalate condensate while again 
passing an inert gas through the liquid reaction mixture. Ethylene glycol by-product can be recovered from the fourth 

25 stage and recycled to the second stage of the reaction. 

[0004] U.S. 3,545,520 (Siclari et at.) discloses an apparatus for stripping substances and lightweight fractions from 
polymers including a means for introducing an inert gas counter current to the polymeric material with the consequent 
increase in viscosity of the polymers. The apparatus permits recycling a portion of the material removed from the vessel 
so that the material can be recycled into the reaction container. 

30 [0005] U.S. 3,469,61 8 (Siclari et al.) discloses a method for stripping off volatile fractions from polyamides and pol- 
yesters involving feeding material in the form of droplets or liquid threads though an inert gaseous atmosphere, while 
recirculating that atmosphere. 

[0006] U.S. 3,110,547 (Emmert) discloses a process for preparing a linear condensation polyester. In one embodi- 
ment of the invention, the polymer is extruded downwardly through a chamber while passing a current of inert gas, 
55 such as nitrogen, through the reaction vessel at a rate sufficient to keep the glycol partial pressure below 2mm Hg 
while maintaining a temperature between 300°C and 400°C in order to rapidly finish the polymer by converting the 
polymer having a degree of polymerization of from about 1 5 to 35 to a finished polymer with a degree of polymerization 
of about 70. 

[0007] U.S. 3,390,135 (Seiner) discloses a continuous process for preparing polyester wherein the product is con- 
40 tacted with an inert gas which has been passed over the product in a countercurrent manner, at a regulated flow, to 
remove the water of esterification. 

SUMMARY OF THE INVENTION 

45 [0008] The invention relates to a continuous atmospheric pressure method of polymerizing a dihydroxy ester of a 
Afunctional carboxylic acid, or of a low molecular weight polymerizable oligomer thereof, to a product with a higher 
degree of polymerization (DP), in the presence of a polyester polymerization catalyst, wherein by-products of the po- 
lymerization are removed from the system by means of an inert gas. 

[0009] This invention provides a process for preparing a linear condensation polyester, having a degree of polym- 
50 erization of at least 50, by the continuous polymerization of a dihydroxy ester of a bif unctional carboxylic acid, or low 
molecular weight oligomer thereof, with the evolution of volatile reaction by-products including a glycol, to form a product 
with a higher degree of polymerization, the process being conducted at atmospheric pressure or above, comprising 
contacting a melt of the dihydroxy ester of a bifunctional carboxylic acid, or low molecular weight oligomer thereof, in 
the presence of a polyester polymerization catalyst, with an inert gas flowing counter currently in the process at a 
55 velocity of 0.2 to 5 ft/sec (0.06 to 1.5 m/sec), so that volatile reaction by-products are removed continuously by the 
inert gas and whereby the polymerization product is removed continuously, while the reactants are kept at a temperature 
sufficient to maintain the melt and to continue polymerization. 

[0010] this process provides an improved method for producing linear aromatic polyesters, especially polyethylene 
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terephthalate (PET), also referred to as polyethylene glycol terephthalate. The bifunctional acid in the production of 
PET Is terephthalic acid (TPA). The process involves the continuous production of polyethylene terephthalate, having 
a degree of polymerization of at least 50, from terephthalic acid and ethylene glycol by esterification, or from dimethyl 
terephthalate and ethylene glycol by transesterification, followed by polycondensation and polymer finishing stages. 
The process is conducted at atmospheric pressure or above, thereby avoiding high vacuum equipment and eliminating 
possible air contamination that causes product decomposition and gel formation. The process comprises the following 
steps: 

(a) esterifying terephthalic acid or transesterifying dimethyl terephthalate with ethylene glycol to produce dihydroxy 
ethyl terphthalate or its low molecular oligomers, and 

(b) intimately contacting dihydroxy ethyl terephthalate, or its low molecular weight oligomers, in melt form, with an 
inert gas at a velocity of 0.2 to 5 ft/sec, so that volatile reaction by-products are removed continuously by the inert 
gas and wherein the polymerization product is removed continuously, while the reactants are kept at a suitable 
temperature to maintain the melt and to continue polymerization. The above processes are conducted in the pres- 
ence of a polyester polymerization catalyst. 

[001 1] In a preferred embodiment of the invention, a single stream of inert gas is recycled through a polymer finishing 
stage, a polycondensation stage and a stage wherein ethylene glycol is recovered for reuse in the process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is a diagrammatic flow sheet for the continuous process of the invention. 

[0013] Figure 2 represents one apparatus which is suitable for carrying out the continuous polymerization of the 
invention, wherein material having a lower degree of polymerization is converted to material having a higher degree 
of polymerization. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 4] Polyethylene terephthalate is manufactured in this process by first reacting terephthalic acid (TPA) or dimethyl 
terephthalate (DMT) with ethylene glycol. If DMT is the starting material, a suitable transesterification catalyst such as 
zinc or manganese acetate is used for the reaction. Esterified DMT/TPA is polymerized as a melt at atmospheric 
pressure or above by intimately contacting the melt with a stream of inert gas (for example, but not limited to, Isfe or 
C0 2 ) to remove the condensation by-products, mainly, ethylene glycol. Preferably, the inert gas is preheated to about 
polymerization temperature or above, prior to its introduction into the polymerization equipment. It is preferred that the 
inert gas velocity through the polymerization equipment be in the range of 0.2 to 5 ft7sec. (0.06 to 1.5 m/sec), most 
preferably 0.5 to 2 ft/sec (0.15 to 0.61 m/sec), flowing counter currently to the flow of the melt. The vapor leaving the 
polymerization equipment (after a finishing stage and a polycondensation stage) is fractionated to recover ethylene 
glycol for recycle. The nitrogen stream is then cleaned up and recycled. Thus, the overall process operates as a closed 
loop system which avoids environmental pollution and integrates ethylene glycol purification and its recycle into the 
process. 

[0015] Catalysts for facilitating the polymerization are any one or more polyester polymerization catalysts known in 
the prior art to catalyze such polymerization processes, such as, but not limited to, compounds of antimony, germanium 
and titanium. Antimony trioxide (Sb^) is an especially effective catalyst which may be introduced, for convenience, 
as a glycolate solution in ethylene glycol. Examples of such catalysts are found in U.S. 2,578,660, U.S. 2,647,885 and 
U.S. 2,789,772, which are incorporated herein by reference. 

[001 6] Dihydroxy esters of bifunctional carboxylic acids used in the processes described herein are monomeric com- 
pounds that can polymerize to a polymer. Examples of such compounds are bis(2-hydroxyethyl) terephthalate, bis 
(4-hydroxybutyl) terephthalate, bis(2-hydroxyethyl) naphthalenedioate, bis(2-hydroxyethyl) isophthalate, bis[2-(2-hy- 
droxyethoxy)ethyl] terephthalate, bis[2-(2-hydroxyethoxy)ethyl] isophthalate, bis[(4-hydroxymethylcyclohexyi)methyl] 
terephthalate, bis[(4-hydroxy methy Icy clohexyl)m ethyl] isophthalate, and a combination of bis(4-hydroxy butyl) tereph- 
thalate and their oligomers. Mixtures of these monomers and oligomers may also be used. 

[0017] By a "polymerizable oligomer" is meant any oligomeric material which can polymerize to a polyester. This 
oligomer may contain low molecular weight pofyester, and varying amounts of monomer. For example, the reaction of 
dimethyl terephthalate or terephthalic acid with ethylene glycol, when carried out to remove methyl ester or carboxylic 
groups usually yields a mixture of bis(2-hydroxyethyl) terephthalate, low molecular weight polymers (oligomers) of bis 
(2-hydroxyethyl) terephthalate and oligomers of mono(2-hydroxyethyl) terephthalate (which contains carbonyl groups). 
This type of material is referred to herein as "polymerizable oligomer". 

[001 8} Polyesters produced by the process include, but are not limited to, polyfethylene terephthalate), poly(1 ,4-buty- 
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lene terephthalate), poly(ethylene naphthalenedioate), polyethylene isophthalate), poly(3-oxa-1,5-pentadiyl tereph- 
thalate), poly(3-oxa-1,5-pentadiyl isophthalate), polyf 1 ,4-bis(oxymethyi)cyclohexyl terephthalate] and polyp ,4-bis 
(oxymethyl)cyclohexyl isophthalate]. Poly(ethylene terephthalate) is is an especially important commercial product. 
[001 9] The process avoids high vacuum polymerization processes characteristic of the conventional art. Advantages 

5 of the process are a simpler flow pattern, lower operating costs and the avoidance of steam jets, hot wells and atmos- 
phere emissions. The process also has environmental advantages due to the elimination of volatile organic emissions 
and waste water discharge. Furthermore, polymerization is conducted in an inert environment. Therefore, there is less 
decomposition and gel formation which results in better product quality. Ethylene glycol and inert gas (e.g., N 2 or C0 2 ) 
are recycled continuously. The process is described in greater detail with reference to Figures 1 and 2. 

10 [0020] Figure 1 is a diagrammatic flow sheet for the continuous process of the invention. Reactant materials TPA 
(or its dimethyl ester, DMT) and ethylene glycol are supplied continuously to an esterification column (2) for esterification 
(or transesterffication) to DHET and its low DP oligomers. The resulting esterified or trarisesterified product is an oli- 
gomer with a low degree of polymerization (DP). The resulting DP is from 1-2 if the starting material is DMT. If TPA is 
the starting material, the resulting oligomer usually has a higher DP, in the range of from about 3-7. The molten reaction 

is product formed in the esterification column (2) is conducted through transfer line (4) to a prepolymerization column (6) 
for polycondensation. A suitable polyester polymerization catalyst, such as Sb20 3 , may be added at this point. The 
prepolymer, exiting the esterification column with a degree of polymerization from 1 5-30, is conducted through transfer 
line (8) to finisher (1 0) in order to finish the polymer by raising the degree of polymerization to about 50 to about 1 50, 
preferably about 60 to about 100. The finisher (10) is maintained at a temperature greater than about 260°C but not 

20 high enough to result in polymer decomposition. A temperature range of about 270°C to 300°C is preferred. The 
polymerization product is continuously removed from the finisher through line (30). An inert gas, preferably nitrogen, 
is heated in heater (12) at a temperature of from about 280° C to 320°C and is introduced through line (14) into the 
finisher to flow counter current to the direction of polymer flow in order to remove volatile reaction by-products, primarily 
ethylene glycol. The inert gas flows through the finisher (10) and then through line (16) to prepolymerization column 

2S (6) removing volatile reaction by-products, which are mainly ethylene glycol, in that reaction column. The hot inert gas 
stream containing organic vapors, which are mainly ethylene glycol with minor amounts of methanol, water, and some 
thermal decomposition products, exits the prepolymerization column through line (18) and enters the glycol recovery 
column (20) where glycol is recovered from the stream and refined without the need for additional external heat. The 
recovered glycol is recycled to the esterification column (2) through line (22). The inert gas stream containing the 

30 volatile organics, such as acetaldehyde, exits the glycol recovery column through line (24) and enters an adsorption 
bed (26), such as an activated carbon bed, wherein the organic volatiles are adsorbed producing a clean nitrogen 
stream which can be heated and returned to the finisher (10). Thus, the nitrogen is employed in a closed loop and ail 
processing equipment is operated at atmospheric pressure (or above, as is necessary to ensure the flow of nitrogen 
through the equipment in the loop). The inert gas flowing in the polymerization equipment (6) and (10) has a velocity 

35 of between about 0.2 to 5 ft/sec (0.06 to 1 .5 m/sec), preferably 0.5 to 2 ft/sec (0. 15 to 0.61 m/sec). The quantity of inert 
gas introduced into the system is sufficient so that the partial pressure of the byproducts is maintained below the 
equilibrium pressure of the by-products with the melt in order to provide for the continuous polymerization. The quantity 
of inert gas is between about 0.2-0.5 pounds (0.09 to 6.23 kg) for each pound (0.45 kg) of polyethyene terephalate 
produced. The adsorption bed (26) can be purged to remove the adsorbed products. The adsorbed products are trans- 

40 fered by line (28) to a combustion device, such as a boiler, (not shown) where they are converted to carbon dioxide 
and water by combustion thus completing an environmentally clean, emissions free process. 

[0021] Figure 2 illustrates one apparatus which is suitable for carrying out the. continuous polymerization of the in- 
vention particularly for use with the high viscosity material and degree of polymerization encountered in the finisher 
(1 0) of Figure 1 . It consists of a horizontal, agitated cylindrical vessel (32). The esterified DMT or TPA, or a low molecular 

45 weight oligomer thereof, is continuously introduced as stream (34) at one end of the vessel (32) and a preheated inert 
gas, such as nitrogen, is continuously introduced as stream (38) at the other end, so as to provide a counter current 
flow to the polymer flow. The nitrogen stream (38) carrying reaction by-product vapors, mostly ethylene glycol, leaves 
as stream (40). The polymerized product, polyethylene terephthalate, is removed as stream (36). The flow rates of 
streams (34) and (36) are coordinated to be equivalent to each other and controlled so as to provide the desired 

50 inventory of the melt in the finisher, usually about equivalent to 1 to 2 hours times the flow rate, with melt level at about 
1/3 to 1/2 the height of the vessel. The quantity of nitrogen introduced into the system is sufficient so that the partial 
pressure of the evolving reaction by-products is maintained at less than the equilibrium pressure of the by-products 
with the, for example, poly(ethylene) terephthalate (PET) melt, so as to provide adequate driving force to remove 
ethylene glycol from the melt into the gas stream. The diameter of the vessel is designed so that the superficial velocity 

55 of the Inert gas stream is about 0.5 to 2 ft/sec (0. i 5 to 0.61 m/sec). 

[0022] The vessel is equipped with an agitator (42) which can be rotated at a controlled speed. The mechanical 
design of the agitator is such that 
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(a) the walls of the vessel are wiped; 

(b) a large interfacial area of at least 10 f^/ft 3 (32.8 m 2 /m 3 ), preferably greater then 30 ft 2 /ft 3 (98.43 m^m 3 ), is 
created; 

(c) the surface area is renewed frequently; and 

(d) good mixing is provided. 

[0023] One design which achieves the above specified criteria, is a rotating disc contactor consisting of several discs 
mounted on a shaft (in a fashion similar to that in conventional continuous polymerizers) but the discs in this design 
are sieve plates, with large open area, which allow well distributed cross flow of the inert gas vapors. 

EXAMPLES 1 : 9 



[0024] Examples 1 - 9 were conducted in a test tube heated to 280 to 295*C by placing it in a temperature controlled 
sand bath. The test tube was equipped with means to introduce preheated N 2 at a controlled rate near the bottom and 
an outlet was created near the top of the test tube to allow N 2 to exit. Except for Example 9, 5 g samples of monomer, 
prepared at a DuPont commercial plant site by transesterifying DMT with EG, were placed in the test tube along with 
1 80 to 1 600 ppm of antimony, added as a Sbg0 3 catalyst. The catalyst level was not found to affect the polymerization 
rate significantly and higher levels led to greyish discoloration of the product. Therefore, except for Examples 3, 5, and 
6 which had catalyst levels of 1600, 400 and 900 ppm, respectively, all other Examples were at lower catalyst levels 
as shown in Table 1. In Example 9, a 10 g sample was employed and a Mn catalyst used for transesterification was 
rendered inactive by reacting with phosphoric acid, before adding the antimony catalyst. This also did not effect the 
kinetics measurably. 

[0025] In Examples 8 and 9, the temperature was ramped from 230°C to 285°C over a 1 0 to 1 5 minute period. This 
allowed the initial polymerization to occur at lower temperatures and minimized volatilization of the low DP oligomers 
into the N 2 stream. 

[0026] When the monomer melted in the tube, N 2 was introduced at a flow rate such that the superficial gas velocity 
was in the range expected for a commercial scale operation. The nitrogen velocities employed are shown in Table 1 . 
For the examples where a range of velocities Js shown, such as 0.2-0.6 ft/sec (0.06 to 0.18 m/sec) in Example 9, it 
means that the velocity was at the lower value at the start of the reaction and gradually increased to the higher value 
as the polymerization proceeded. N 2 was introduced below the melt causing the melt to lift up and allowing it to fall 
along the tube walls to create Interfacial area (estimated at > 30 ffiffi 3 (98.43 m 2 /m 3 )), and provide surface renewal 
and good mixing. Experiments were conducted for 12 to 105 minutes and the resulting PET product was analyzed for 
molecular weight distribution by GPC. The number average degree of polymerization calculated from GPC data for 
each sample are shown in Table 1 . The values were independently confirmed by measurements of intrinsic viscosity. 



TABLE 1 



EXAMPLE 


POLYMERIZATION Time 
(Min.) 


CATALYST ppm Sb 


N 2 VELOCITY ft/sec. (m/sec) 


NO AVG. DP 


1 


12 


225 


0.3-0.6 (0.09-0.18) 


24 


2 


21 


180 


0.3-1.0 (0.09-0.30) 


44 


3 


21 


1600 


0.3 (0.09) 


39 


4 


39 


225 


0.3-1.3(0.09^0.40) 


54 


5 


39 


400 


0.6 (0.18) 


54 


6 


42 


900 


0.6 (0.18) 


57 


7 


60 


225 


0.3-1.0 (0.09-0.30) 


64 


8 


105 


200 


0.2-1.9(0.06-0.58) 


182. 


9 


90 


280 


0.2-0.6 (0.06-0.18) 


70 



EXAMPLE 10 

[0027] Polymerization of the same monomer. used in Example 9 was studied on a microbalance apparatus in a stream 
of nitrogen in order to determine the impact of nitrogen velocity on mass transfer. A small sample, 63.6 mg, was sus- 
ss pended in a heated glass tube having a 25 mm inside diameter through which nitrogen flowed at a rate of 330 cc/hnin. 
Temperature of the sample was monitored by a thermocouple mounted close to the sample, while controlling the heat 
input to the glass tube. The progress of polymerization was monitored by observing the weight loss due to the evolution 
of reaction by-product, ethylene glycol. 
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[0028] The sample was heated to 288°C and then held at that temperature for 90 minutes while maintaining the 
nitrogen flow rate. The velocity of nitrogen in the glass tube was calculated as 0.077 ft/sec (0.023 m/sec). Due to the 
small size of the sample, there was a very large surface to volume ratio, estimated at over 1 80 ft 2 /ft 3 (591 m 2 /m 3 ). In 
spite of such a large area (several times that of Examples 1-9) the rate of polymerization was slow due to the low 
nitrogen velocity. At the end of 90 minutes the polymer obtained and analyzed by GPC had a number average DP of 
only about 1 4. The need for adequate nitrogen velocity was confirmed by this experiment. 



EXAMPLE 11 



[0029] The same monomer used in Example 9 was polymerized in a laboratory apparatus of the type shown in Figure 
2 which was constructed to operate under the conditions disclosed in Example 12 for a commercial scale operation. 
[0030] The apparatus consisted of a 6 inch (15.2 cm) glass tube with an inside diameter of 1 inch (2.5 cm) which 
was placed in a tube furnace equipped with temperature control. The tube was fitted with an agitator of 1/8 inch (3.2 
mm) diameter coiled aluminum wire which provided mixing, surface renewal and wiping of the inside tube wall. The 
agitator was rotated by Use of a motor having a variable speed gear reducer. It is estimated that the device provided 
a surface area of about 60.ft2/ft 3 ( 197 rrvVm 3 ) of the melt The polymer melt temperature was monitored by means of 
a thermocouple inserted into the tube at each of its two ends. 

[0031] The tube was filled with 37.6 g of monomer and placed in the furnace. The furnace temperature was raised 
to a sufficient temperature to melt the monomer. When the monomer was molten, the agitator was started and preheated 
nitrogen was flowed at a velocity of about 0.5 ft/sec (0.15 m/sec) throug the tube. The temperature set point was then 
raised to 290°C to effect polymerization. When the melt temperature inside the tube reached 290*0, the velocity of 
the nitrogen was raised to 1 . 1 ft/sec (0,34 m/sec). Polymerization was continued for 90 minutes while controlling these 
operations under the above stated conditions. The actual temperature near the nitrogen outlet end varied from around 
270 to 299*C. The agitator speed was initiated at 1 5 RPM, but was reduced to 8 RPM after about 20 minutes and then 
further reduced to around 3-4 RPM after another 20 minutes as the melt became more viscous. 
[0032] At the end of 90 minutes of polymerization, two samples .of the resulting PET were analyzed by GPC. The 
number average DP was calculated to be 79 and 89, respectively. This is higher than the typical value required for 
yam and staple use. 

[0033] To check the feasibility of higher nitrogen velocities, the velocity was raised to 1 .45 ft/sec (0.44 m/sec) during 
the last 3 minutes of operation. No polymer carryover was observed. Just before shutting down, the velocity was 
increased to over 3 ft/sec (0.91 m/sec) and was found to be feasible. 



EXAMPLE 12 



[0034] Example 12 illustrates the process of the invention for operating continuously at a commercial scale of ap- 
proximately 100 million pounds (4.536 x 10? kg) per year. Referring to Figure 1, about 12.150 Ibs/hr (5511 kg/hr) of 
prepolymer of approximately 20 DP are fed to finisher (1 0), maintained at between 285-295'C, and contacted counter 
currently with a stream of nitrogen heated to about 300°C and flowed at a rate of 1 000 standard cubic feet per minute 
(SCFM) (28 3 mVmin). The flow rate is equivalent to 0.39 pound (0.20 kg) of nitrogen per pound (0.45 kg) of PET 
produced The finisher is 7 ft (2.13 m) in diameter and 21 ft (6.4 m) long. Polyethylene terephthalate, polymerized to 
a number average DP of 81 , is withdrawn at a rate of 1 2.000 Ibs/hr (5443 kg/hr) through line (30) while the level in the 
finisher is controlled such that about 1/3 of the finisher volume remains filled with polymer melt. The melt inventory is 
thus equivalent to about 100 minutes or 1-2/3 hours of PET throughput rate. The finisher (10) is equipped with an 
agitator to provide an interfacial area of about 50 square feet per cubic foot (1 64 nt/m*) of the melt. It provides frequent 
surface renewal and good mixing of the melt. The superficial gas velocity of the nitrogen stream is 1.2 ft/sec (0.37 m/ 
sec) under the actual operating conditions. The nitrogen stream leaving the finisher (10) through lue (16) contains 
approximately 150 pounds of the ethylene glycol evolved in the finisher. The partial pressure of ethylene glycol in the 
stream is about 11 mm Hg (146 Pa). . ,« . ^ 

10035] The nitrogen stream leaving the finisher (10) through line (16) is then fed to the prepolymerizer (6) to provide 
counter current contact with the esterification product of about 1 .5 average DP, produced by transesterification of DMT 
with ethylene glycol, entering the prepolymerizer (6) through line (4) at a rate of about 14.550 poundsmour (6600 kg/hr). 
SSSl The prepolymerizer tower is 6 ft (1 .83 m) in diameter and 30 ft (9.1 4 m) high. The Manor of the tower is 
designed so as to provide intimate staged contact between the melt and the nitrogen vapor such that the hold up time 
of the melt m that column is about 20 minutes or 1/3 hour. The total time for polymerization, including the 1 -2/3 hours 
in the finisher is thus about 2 hours or less. 

[0037] The prepolymerizer is operated at 280»C. A somewhat lower temperature may be maMained at the top of 
the tower to minimize volatization of the lower molecular weight oligomers. The nitrogen velocity in the prepolymerizer 
is about 1 ft/sec (0.30 m/sec) near the bottom of the tower and about 1 .4 ft/sec (0.47 m/sec) near the top of the tower. 
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[0038] The hot nitrogen vapors exit the prepolymerizer (6) through line (18) containing about 2550 pound of ethylene 
glycol, along with small amounts of other components, such as very tow DP oligomers, methanol from the end groups 
left unreacted during transesterification and minute quantities of high volatile organ ics, such as acetaldehyde, which 
may be present. The nitrogen stream is fed to the bottom of the ethylene glycol recovery column (20) through line (1 8). 
s The column is 4 ft (1 .22 m) in diameter and the nitrogen velocity averages about 1 .8 ft/sec (0.55 m/sec). Heat is removed 
at the top of the column to cool the nitrogen to near the ambient temperature. Essentially all the ethylene glycol is 
condensed and leaves the bottom of the column through line (22) as a hot liquid stream of about 150°C. it is recycled 
through line (22) to the esterification column (2). 

[0039] The small amount of oligomers entrained with the nitrogen stream leaving the prepolymerizer (6) react with 
10 the large excess of glycol at the bottom of the EG recovery column, reverting back to the monomer and are recycled 
along with the glycol stream to the esterification column. The uncondensed organics, such as acetaldehyde leave the 
EG recovery column along with the nitrogen through line (24) and are fed to an adsorption bed (26) of activated carbon. 
Volatile organic vapors are absorbed on the bed thus cleaning up the nitrogen stream. The nitrogen stream is heated 
to about 300°C and recycled to the finisher The adsorption bed (26) is periodically purged, when it nears saturation, 
is to remove adsorbed organics which are sent to the boiler house and converted to carbon dioxide and water. A small 
amount of nitrogen may be purged from the nitrogen loop, and replenished with an equivalent amount of fresh nitrogen 
to keep the levels of impurities in the loop low. Such a nitrogen purge may be used for the periodic purging of the 
adsorption bed. 
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Claims 



A process for preparing a linear condensation polyester, having a degree of polymerization of at least 50, by the 
continuous polymerization of a dihydroxy ester of a bifunctional carboxylic acid, or low molecular weight oligomer 
thereof, with the evolution of volatile reaction by-products including a glycol, to form a product with a higher degree 
of polymerization, the process conducted at atmospheric pressure or above, comprising contacting a melt of the 
dihydroxy ester of a bifunctional carboxylic acid, or low molecular weight oligomer thereof, in the presence of a 
polyester polymerization catalyst, with an inert gas flowing countercurrently in the process at a velocity of 0.2 to 5 
ft/sec (0.06 to 1 .5 m/sec), so that volatile reaction by-products are removed continuously by the inert gas and 
whereby the polymerization product is removed continuously, while the reactants are kept at a temperature suffi- 
cient to maintain the melt and to continue polymerization. 

The process of Claim 1 wherein the dihydroxy ester of a bifunctional carboxylic acid is selected from the group 
consisting of bis(2-hydroxyethyl) terephthalate, bis(4-hydroxybutyl)terephthalate, bis(2-hydroxyethyl) naphthalen- 
edioate, bis(2-hydroxyethyl) isophthalate, bis[2-(2-hydroxyethoxy)ethyl] terephthalate, bis[2-(2-hydroxyethoxy) 
ethyl] isophthalate, bis[(4-hydroxymethyteyclohexyl)methyl] terephthalate, and bis[(4hydroxymethylcyclohexyl) 
methyl] isophthalate. 

A process for the continuous production of polyethylene terephthalate, having a degree of polymerization of at 
least 50, from terephthalic acid and ethylene glycol by esterification followed by the process stages of polyconden- 
sation and polymer finishing, the process conducted at atmospheric pressure or above, comprising: 

(a) esterifying terephthalic acid with ethylene glycol to produce dihydroxy ethyl terphthalate or its low molecular 
oligomers, 

(b) intimately contacting a melt of dihydroxy ethyl terephthalate, or its low molecular weight oligomers, with 
an inert gas flowing in the process countercurrently at a velocity of 0.2 to 5 ft/sec (0.06 to 1 .5 m/sec), so that 
volatile reaction by-products, including ethylene glycol, are removed continuously by the inert gas which is 
recycled in the system, and wherein the polymerization product is removed continuously, while the reactants 
are kept at a temperature sufficient to maintain the melt and to continue polymerization, said process conducted 
in the presence of a polyester polymerization catalyst. 

A process for the continuous production of polyethylene terephthalate, having a degree of pplymerization of at 
least 50, from dimethyl terephthalate and ethylene glycol by transesterification followed by the process stages of 
polycondensation and polymer finishing the process conducted at atmospheric pressure or above, comprising: 

(a) transesterifying dimethyl terephthalate with ethylene glycol to produce dihydroxy ethyl terephthalate or its 
low molecular oligomers, 

(b) intimately contacting a melt of dihydroxy ethyl terephthalate, or its low molecular weight oligomers, with 
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in the presence of a polyester polymerization catalyst. 
5. The process of Claim i , 3, or 4 wherein the catalyst is selected from compounds of antimony, germanium and 
titanium. 

6 The process of Cairn 1 . 3, or 4 wherein the inert gas is preheated to about polymerization temperature or above 
polymerization temperature prior to contacting it with the melt 

the melt. 

8. The prccess of Claim 1 , 3, or 4 wherein the volatile reaction by-products are recovered and the inert gas is con- 
tinuously recycled for reuse in the process. 

o Th. nmcfl68 of Claim 1 3 or 4 wherein a single stream of inert gas is recycled through the polymer finishing stage. 
9 - r^nd'n^tage^rstage wberein ethylene glycol is recovered for reuse * the process. 

10. The process of Claim 1 , 3. or 4 wherein the inert gas is selected from 1^ and CO* 

11. The process of Claim 3 or 4 wherein the temperature of the finishing stage is 270-C to 300'C. 

12. The P roceesofClaim1,3.or4^ 

13. The process of Claim 1 , 3, or 4 wherein the veloctty of the h,ert gas flow is0.2 to 2 ttfeec (0.06 to 0.61 m/sec). 

14 The process of Claim 3 or 4 wherein the quanttty of inert gas is between about 0.2-0.5 pounds (0.09 to 0.23 kg) 
" for each pound (0.45 kg) of polyethylene terephthalate produced. 

PatentansprOche 

l4 VerfahrenzumHerste.^^ 

50 durch die kontinuieriiche Polymer.sat.on «^ D ^^^" ^J^hZn ReaWionsnebenprodukten, ein- 
rigmolekulargewichtigen Oligomeren davon das Vfer- 

sch.ie3.lch eines Gtykote, unter Bilden °™ ^TiT^^ Schmelze des 

fahren bei Atmospharendruck oder daruber durchgef uhrt v« d ^J^^iSgen oligomeren davon In der 
Dihydroxyesters einer bifunktionellen Carbonsaure oder ^^^^^"J^^d in dem Ver- 
AnLsenhetteinesPoVes^ 

fahren mit einer G ™^f e l™*^L entferX werden und wodurch das Polymerisatfonsprodukt konti- 

SKEKS^^ — — dte ausrefchend * die . 

Schmelze aufrechtzuerha.ten.und Polymerisation fortzusetzen. 

2. verfahren nach Anspruch 1, wobei der Dihydroxyester C ^^3« 
hend aus Bis(2-hydroxyethy.)terepht^ at B,s(^ ^[Itm^oZ^e^rso- 

phthalat ausgewahlt wird. 
wird, aufweisend: 
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(a) Verestern von Terephthalsaure mit Ethylenglykol unter Herstellen von Dihydroxyethytterephthalat oder des- 
sen niedrigmolekularer Oligomere, 

(b) inniges in Kontakt bringen einer Schmelze von Qihydroxyethylterephthalat oderdessen niedrigmolekular- 
gewichtiger Oligomere mit einem Inertgas, welches in dem Verfahren gegenstromend mit einer Geschwindig- 

5 keit von 0,2 bis 5 FuB/Sek (0,06 bis 1 ,5 m/Sek) flieBt, so daB flQchtige Reaktionshebenprodukte, einschlieBlich 

Ethylenglykol, kontinuierlich durch das Inertgas entfernt werden, welches in dem System im Kreislauf gefuhrt 
wird, und wobei das Polymerisationsprodukt kontinuierlich entfernt wird, wahrend die Reaktanten bei einer 
Temperatur gehalten werden, die ausreichend ist, die Schmelze aufrechtzuerhalten und Polymerisation fort- 

^ zufOhren, wobei das Verfahren in der Anwesenheit eines Polyesterpolymerisationskatalysators durchgefOhrt 

4. Verfahren fur die kontinuierliche Hersteliung von Polyethylenterephthalat mit einem Polymerisationsgfad von min- 
destens 50 aus Dimethylterepthalat und Ethylenglykol durch Umesterung, gefolgt von den Verfahrensstufen der 
Polykondensation und Polymerfertigsteliung, wobei das Verfahren bei Atmospharendruck oder daruber durchge- 

15 f uhrt wird, aufweisend: 

(a) Umestem von Dimethylterephthalat mit Ethylenglykol unter Herstellen von Dihydroxyethytterephthalat oder 
dessen niedrigmolekularer Oligomere. 

(b) inniges in Kontakt bringen einer Schmelze von Dihydroxyethyfterephthalat oder dessen niedrigmolekular- 
gewichtiger Oligomere mit einem Inertgas, welches in dem Verfahren gegenstromend mit einer Geschwindig- 
keit von 0,2 bis 5 FuB/Sek (0,06 bis 1 ,5 m/Sek) flieBt, sodaBfiuchtige Reaktionsnebenprodukte, einschlieBlich 
Ethylenglykol, kontinuierlich durch das Inertgas entfernt werden, welches in dem System im Kreislauf gefuhrt 
wird, und wobei das Polymerisationsprodukt kontinuierlich entfernt wird, wahrend die Reaktanten bei einer 
Temperatur gehalten werden, die ausreichend ist, die Schmelze beizubehalten und Polymerisation fortzufuh- 
ren, wobei das Verfahren in der Anwesenheit eines Polyesterpoiymerisationskatalysators durchgefOhrt wird. 

5. Verfahren nach Anspruch 1, 3 oder 4, wobei der Katalysator aus Veibindungen von Antimon, Germanium und 
Titan ausgewahlt wird. 
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. Verfahren nach Anspruch 1 , 3 oder 4, wobei das Inertgas auf etwa Polymerisationstemperatur oder oberhalb Po- 
lymerisationstemperatur vor dem Kontaktbringen von ihm mit der Schmelze voremitzt wird. 

7. Verfahren nach Anspruch 1 , 3 oder 4, wobei die Menge des in das System eingefuhrten Inertgases ausreichend 
ist, so daB der Partialdruck der Nebenprodukte bei weniger als dem Gleichgewichtsdruck der Nebenprodukte mit 

35 der Schmelze aufrechterhalten wird. 

8. Verfahren nach Anspruch 1 . 3 oder 4, wobei die fluchtigen Reaktionsnebenprodukte gewonnen werden, und das 
Inertgas kontinuierlich im Kreislauf fur Wiederverwendung in dem Verfahren gefuhrt wird.' 

• Verfahren nach Anspruch 1 , 3 oder 4, wobei ein einzelner Strom von Inertgas durch die Polymerf ertigstellungsstuf e 
eine Polykondensationsstufe und eine Stufe, wo Ethylenglykol fur Wiederverwendung in dem Verfahren qewonnen 
wird, gefuhrt wird. . w 
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10. Verfahren nach Anspruch 1, 3 oder 4, wobei das Inertgas aus N 2 und C0 2 ausgewahlt wird. 

11. Verfahren nach Anspruch 3 oder 4, wobei die Temperatur der Fertigstellungsstufe 270°C bis 300 a C betragt. 

12. Verfahren nach Anspruch 1, 3 oder 4, wobei der Grenzflachenbereich mindestens 30 FuB^/FuB^ (98 43 mS/rrv 3 ) 
betragt. 1 

13. Verfahren nach Anspruch 1, 3 Oder 4, wobei die Geschwindigkeit des Inertgasflusses 0,2 bis 2 FuB/Sek (0.06 bis 
0,61 m/Sek) betragt. 

14. Verfahren nach Anspruch 3 oder 4, wobei die Menge von Inertgas zwischen etwa 0,2-0.5 Pfund (0,09 bis 0,23 kg) 
fur jedes Pfund (0,45 kg) hergestelltes Polyethylenterephthalat liegt. 
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Revendications 



1 Procede de preparation d'un polyester de condensation lineaire, ayant un degr6 de polymerisation d'au moms 50, 
par la polymerisation continue d'un ester dihydroxyie d'un acide carboxylique bifonctionnel, ou d'un oligomfcre de 
bas poids moieculaire de celui-ci, avec le d6gagement de sous-produits reactionnels volatiis comprenant un glycol, 
pour former un produrt ayant un degnl plus 6lev6 de polymerisation, le procede 6tant effectue k ou au-dessus de 
la pression atmospherique, comprenant la mise en contact d'un bain tondu de Tester dihydroxyie d'un acide car- 
boxylique bifonctionnel, ou d'un oligomers de bas poids moieculaire de celui-ci, en presence d'un catalyseur de 
polymerisation de polyesters, avec un gaz inerte s'ecoulant k contre-courant dans le precede k une Vitesse de 
0,06 k 1 ,5 m/s (0,2 k 5 ft/s), de facon que les sous-produits reactionnels volatiis soient enleves en continu par le 
gaz inerte et par lequel le produit de polymerisation est extrait en continu, tandis que les reactifs sont maintenus 
k une temperature suffisante pour entretenir le bain fondu et pour poursuivre la polymerisation. 

2 Procede selon la revendication 1 dans lequel Tester dihydroxyie d'un acide carboxylique bifonctionnel est choisi 
dans le groupe constitue du terephtalate de bis(2-hydroxyethyle), du t6rephtalate de bis(4-hydroxybutyle), du naph- 
taienedioate de bis(2-hydroxyethyle), de I'isophtalate de bis(2-hydroxy6thyle), du t6r6phtalate de bis[2-(2-hy- 
droxyethoxy)ethyle], de Tisophtalate de bis[2-(2-hydroxy6thoxy)ethyle], du t6r6phtalate de bis[4-hydroxy-m6thyl- 
cyclohexyl)methyle], et de I'isophtalate de bis[4-hydroxy-methylcyclohexyl)m6thyle]. 

3. Procede pour la production continue de poly(ter6phtalate methylene), ayant un degr$ de polymerisation cfau moins 
50 k partir d'acide terephtalique et d*6thyl6neglycol par esteriflcation suivie des etapes de traitement de polycon- 
densation et de finissage du polymere, le procede 6tant effectue k ou aundessus de la pression atmospherique, 
comprenant: 

a) I'esterification d'acide terephtalique avec de I'ethyteneglycol pour produire du terephtalate d'ethyle dihy- 
droxyie ou ses oligomeres de bas poids moieculaire, 

b) la mise en contact intime d'un bain fondu de terephtalate d'6thyle dihydroxyie ou de ses oligomers de bas 
poids moieculaire, avec un gaz inerte s'ecoulant dans le procede k contre-courant k une Vitesse de 0,06 k 
1 ,5 m/s (0,2 k 5 ft/s), de facon que les sousisroduits reactionnels volatiis, parmi lesquels I'ethyieneglycol, 
soient enleves en continu par le gaz inerte qui est recycle dans le systfcme, et dans lequel le produit de poly- 
merisation est extrait en continu, tandis que les reactifs sont maintenus k une temperature suffisante pour 
entretenir le bain fondu et pour poursuivre la polymerisation, ledit procede etant effectue en presence d'un 
catalyseur de polymerisation de polyesters. 

4. Procede pour la production continue de poly(ter6phtalate methylene), ayant un degr6 de polymerisation d'au moins 
50, k partir de terephtalate de dimethyle et d'ethyieneglycol par transesterification suivie des etapes de traitement 
de polycondensation et de finissage du polymere, le procede etant effectue k ou au-dessus de la pression atmos- 
pherique, comprenant: 

a) la transesterification de terephtalate de dimethyle avec de rethyl&neglycol pour produire du terephtalate 
d'6thyle dihydroxyie ou ses oligomeres de bas poids moieculaire, 

b) la mise en contact intime d'un bain fondu de t6r6phtalate d'ethyle dihydroxyie ou de ses oligomeres de bas 
poids moieculaire, avec un gaz inerte s'ecoulant dans le procede k contre-courant k une Vitesse de 0,06 k 
1,5 m/s (0,2 k 5 ft/s), de facon que les sous-produits reactionnels volatiis, parmi lesquels l'6thyl&neglycol ( 
soient en!ev6s en continu par le gaz inerte qui est recycle dans le systems, et dans lequel le produit de poly- 
merisation est extrait en continu, tandis que les reactifs sont maintenus k une temperature suffisante pour 
entretenir le bain fondu et pour poursuivre la polymerisation, le proc6d6 etant effectue en presence d'un ca- 
talyseur de polymerisation de polyesters. 

5. Proc6d6 selon la revendication 1 , 3, ou 4 dans lequel le catalyseur est choisi parmi les composes d'antimoine, de 
germanium et de tit^ne. 

6 Proc6d6 selon la revendication 1 , 3, ou 4 dans lequel le gaz inerte est pr6chauffe k peu prfcs k la temperature de 
polymerisation ou au-dessus de la temperature de polymerisation avant d'etre mis en contact avec le bain fondu. 

7 Procede selon la revendication 1, 3, ou 4 dans lequel la quantite du gaz inerte introduit dans le systeme est 
suffisante pour que la pression partielle des sous-produits soit maintenue inferieure k la pression d'6quilibre des 
sous-produits avec le bain fondu. 
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Proc6d6 selon la revendication 1 , 3, ou 4 dans lequel les sous-produits reactionnels volatils sont recupeles et le 
gaz inerte est recycle en continu pour §tre rSutiiise dans le proc6de\ 

Precede selon la revendication 1 , 3, ou 4 dans lequel un seul flux de gaz inerte est recycle dans Petape de finition 
du polymers, une etape de polycondensation et une etape dans laquelle I'ethyleneglycol est r6cup6r6 pour dtre 
r6utilis6 dans le precede. 

Precede selonla revendication 1 , 3, ou 4 dans lequel le gaz inerte est choisi parmi Ng et C0 2 . 

Precede selon la revendication 3 ou 4 dans lequel la temperature de retape de finissage est de 270°C k 300°C. 

Precede selon la revendication 1 , 3, ou 4 dans lequel la surface interf aciale est au moins de 98,43 rr^/m 3 (30 ft 2 /ft 3 ). 

Precede selon la revendication 1 , 3, ou 4 dans lequel la vitesse de recoupment de gaz inerte est de 0,06 k 0,61 
m/s (0,2&2ft/s). 

Proced6 selon la revendication 3 ou 4 dans lequel la quantite de gaz inerte est comprise entre environ 0,09 et 
0,23 kg (environ 0,2-0,5 livres) pour chaque 0,45 kg (chaque livre) de poly(t£rephtalate methylene) produit 
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